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Abstract 
This study focuses on one of the emissions emitted by motor vehicles, namely Carbon Monoxide (CO) which is one of the 
parameters of air pollutants that has highest percentage of pollution generated from transportation activities. In order to meet the 
target of national movement in reducing the volume of CO, this study attempts to estimate the volume CO in Surabaya City. The 
secondary data collected are used for preliminary analysis in estimating the volume of the CO. The results are expected to give 
general picture of the severity level of air quality in Surabaya.  
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1. Introduction 
 
Surabaya is the capital of East Java, Surabaya Central Bureau of Statistics recorded the population of the city of 
Surabaya amounted to 2.9 million inhabitants at night and reach 5-6 million during the daytime. Based on the 
classification of the population, Surabaya is included as Metropolitan City which ranged between 1,000,000-
5,000,000 people. The transport sector is one sector which gives a considerable impact on the environment; mainly 
due to the use of fossil fuels is the main cause of air pollution, especially in urban areas. Air pollution due to traffic 
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exhaust gas is influenced by traffic volume, the proportion of heavy vehicles, speed, and distance between the axis 
of the road to the point in the review.  
Dense city of Surabaya cannot be separated from the growth of vehicles per year, reaching up to 15 thousand 
units per month, meaning the number of vehicles in Surabaya will increase to 1.8 million units within the next 10 
years (Jawa Pos, 2010). This certainly would give impact towards traffic congestion and vehicle emissions. 
Currently, Indonesia has a National Action Plan for Reducing Emissions Greenhouse Gas (RAN-GRK) which is 
a working document provided by foundation for the various Ministries/Agencies and Local Government for the 
implementation of the various activities that are directly and indirectly will reduce greenhouse gas emissions within 
the framework to decrease the rate of global climate change. Greenhouse gas emissions (GHG) itself are produced 
from natural and development activities primarily from activities in the field of forestry, peat, waste, agriculture, 
transport, industry and energy. 
The government had issued rules on the reduction of GHG emissions as stated in Presidential Decree No. 61 of 
2011 on the National Action Plan to reduce emissions of greenhouse gases (RAN-GRK). Indonesian government 
committed to reduce GHG emissions by 26% by their own efforts or 41% with international assistance in 2020 
(Centre for Data and Information of Energy, 2012). At the provincial level, regional action plan of GHG emission 
reduction (RAD-GRK) which refers to the RAN-GRK, and tailored to local priorities made by the governor no later 
than 12 months from the published Presidential Decree. 
The combustion process and fuel quality determines the amount of emissions released into the environment. 
Nitrogen Dioxide (NO2), sulphur dioxide (SO2), carbon dioxide (CO2), Monoxide (CO), hydrocarbons (HC), 
particulate dust / Total Suspended Particulate (TSP) and Lead (Pb) is an important emissions produced from burning 
automotive fuel (Ahmad, 2004).This study focuses on one of the emissions produced by motor vehicles, namely 
CO, CO is one of the parameters of air pollutants that have the highest percentage of pollution generated from 
transportation activities in Surabaya. Below is a table that contains a large percentage of air pollution: 
Table 1 . CO Huge Contribution of Various Activities (Soedomo, 2001) 
Activity % CO 
Transportation 96,8 
Settlements 0,3 
Solid Waste 2,6 
Industry 0,3 
 
Based on East Java Governor Regulation No. 67 of 2012 on the RAD-GRK for East Java, the emission reduction 
target was 5.22%. The target was based on the parameters stated in East Java Governor Regulation No. 10 of 2009 
on Ambient Air Quality Standards and Emission of Fixed Sources for East Java. At the current traffic conditions, 
the vehicle will accelerate with very low speed; fuel consumption becomes wasteful and premature wear on the 
machine. Therefore, the exhaust emissions, such as the exhaust fumes of the various types of vehicles, will increase. 
The component mentioned in Presidential Decree No. 61 of 2011 for the city of Surabaya is a set of plan of 
action to decrease the emissions from transportation sector. The plan is designed in the form of ITS (Intelligent 
Transport System). The expected target of emission reduction from this plan is 0.79 Million Ton CO2e. Another 
plan of action is an implementation of parking management that is expected to reduce 1.07 Million Ton CO2e. 
Implementation Congestion Charging and Road Pricing is additional program that will reduce 0.41 Million Ton 
CO2e. The transit system - Bus Rapid Transit (BRT) / semi BRT also needs to be reformed within the time period 
of 2010-2020. 
Some background, such as the high percentage contribution of CO from transportation activities in Surabaya, the 
uncontrollable growth of vehicle and the plan of emission reductions in Surabaya, drives this study to determine the 
influence of the vehicle speed to the emissions produced at the exhaust exit. The parameter used to control this 
relationship is the fuel consumed. This study is a preliminary study to see the sensitivity of the CO level to the 
growth of vehicles. The expected outcome of this study is to obtain a relationship between the characteristics of the 
traffic in the form of the estimated number and speed of vehicles with ambient due to vehicle emissions. 
2. Research Related to Correlation between Vehicle Characteristics and Emission Produced  
According to Morlok (1991), the presence of gas in air pollutants resulting from transportation activities is 
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strongly influenced by the shape or the driving habits of the traffic user, such as traffic volume and the speed of it. 
Vehicle speed is defined as the degree of movement that is the distance the vehicle within a certain time unit. 
Generally, it is expressed with the unit kilometres per hour (km/h). Since the traffic flow contains of various types of 
vehicles with different speeds, therefore, the speed here means the average speed. 
From research conducted by Morlok (1991), increasing the speed of the vehicle will result in even lower 
emissions of carbon monoxide and hydrocarbons per vehicle-mile, whereas emissions of nitrogen oxide will 
increase per vehicle-mile with increasing speed. Because all three types of pollutants above are not desirable, then 
there are no general rules regarding the best speed from the standpoint of air quality. In another study on the 
comparison of several models to calculate the concentration of pollutants, obtained concentration of CO is 
proportional to the increase in traffic volume and a decrease in vehicle speed (Bachtiar, 2002). 
Tarigan (2009) observed the vehicle emissions on some roads in Medan. He estimated the concentration and the 
percentage of emissions from various types of motor vehicles in some streets of Medan. Estimation of the emissions 
was carried out in three streets of Medan, first is Medan – Binjai at 7th Km, second is Medan - Tg Morawa at 10th  
Km, and the last is Medan - Tembung on the road Letda Sudjono. It is about 150 meters of the access Toll road to 
the airport gate. The parameters of the study are Carbon Monoxide, Nitrogen Oxides and Sulfur Dioxide. The 
emission factors were obtained from the literature. 
Ismayanti et al (2011) calculated the emissions of CO2 using equations mobile 6 and mobile combustion. The 
calculation is based on the types of vehicles that are grouped according to the type of fuel. Hidayatullah (2011) also 
presented emission calculations that were concentrated in ambient air in the area of West Surabaya. He focused on 
pollutants SO2 as the polluter. The different type of fuel, premium gas and LPG, has been proven in reducing the 
emission level (Brimasta and Sutjahjo, 2013). They showed that the use of LPG fuel  in  a  Toyota  Kijang  5K  
1500cc  1993  leads to reducing emission  levels  of  CO  (Carbon  Monoxide) by  96.82%. 
The method of estimating the correlation between fuel consumption to the emission produced is presented in Dr. 
Thom V. Mathew (2012) book. The book presented the need of understanding in the effects of vehicle pollution to 
the environment, in order to reduce vehicle fuel requirements, and emissions released. 
3. Framework of Analysis 
This study purpose is to predict the effect of the vehicle growth to the quality of air in Surabaya. The analysis 
process requires some data both secondary and primary.  The secondary data are obtained from the relevant 
agencies, such as the Environment Agency (BLH), Department of Revenue (DISPENDA), as well as other 
supporting agencies. The data obtained is the type of vehicles for the last ten years in the city of Surabaya, and then 
retrieved a sample of vehicles with gasoline cars and with diesel fuel. 
Data used in this research is a growing number of vehicles that will be compared with the speed of the vehicle, 
CO gas samples were tested directly in the field. Data of CO were obtained from Environment Agency. Emission 
factor of each type of vehicles are provided by Environmental Agency (2010). The emission factor unit is in g/km. 
The value of CO for each type of vehicles are 14, 40, 2.8, 11, 43.1, 8.4 g/km for motorcycle, passenger car (fuel), 
passenger car (diesel), bus, public transport, and truck respectively. To obtain value of emission load, the equation is 
(Environmental Agency, 2013): 
 
Emission load (g/hr) = Number of vehicles (veh/hr) x emission factor (g/km/veh) x  length of road (km)             (1) 
 
The increasing number of vehicles in the city of Surabaya will increase motor vehicle exhaust emissions so that 
the ambient air quality to decline. Indonesia has a low level of vehicle ownership, but the dense population, GDP 
with low value and low interest rates led to increased vehicle market. In Indonesia's Automotive Indrustry book: 
Navigating 2014 mentions that based on the Gross Domestic Product (GDP) per capita in Indonesia, there are 43 car 
penetration per 1,000 population of Indonesia. That means, for 2.9 million inhabitants of Surabaya there are 124, 
700 vehicles. This number of vehicles is only 50% of the data recorded by Environmental Agency and only 3% of 
data recorded by Surabaya department of transportation (DISHUB). These different values need to be analysis 
separately to see the effect on the air quality of Surabaya. The analysis will be considered based on each type of 
vehicles and different speed of vehicles. The proportion of each type of vehicles is shown in Table 2. The different 
speed analysis is following the sensitivity analysis conducted by Bachtiar (2014) as shown in Fig.1 and Fig.2. 
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The length of road influences the load of emission burden in the city. Data taken for the reported document of 
BLH (2012) shows that the total length of 1,426 km. 
 
Table 2. Proportion of each type of vehicles 
Vehicle Type 
Data Resource 
(BLH)  (UPTD Dishub Surabaya) 
(veh) (veh) 
 Motorcycle 77.75 81.22 
Passenger car fuel 10.05 8.01 
Passenger car (diesel) 6.7 5.34 
Truck 5.21 5.21 
Bus 0.142 0.81 
Public transport 0,146 0,01 
 
 
Fig.1. Variation tendency of relationship Gasoline Vehicle Speed Against CO Removal (Bachtiar, 2014) 
 
      
Fig.2. Variation tendency of relationship Solar Vehicle Speed Against CO Removal (Bachtiar, 2014) 
From the picture above, it can be seen that in general for diesel vehicles more fast pace of a vehicle, hence 
increasing CO emission. The analysis in this research will be simplified due to the data limitation. 
4.  Results and Discussion 
Data from environmental resource agency's total emissions decreased every year, but in the data UPTD Surabaya 
Transportation Department emission load value is increasing every year. The issuance costs occurred in 2015 
according to the data source UPTD Surabaya Transportation Agency is 164.15 veh/ton.km/year. From the analysis, 
the emission load of each type of vehicle is presented in Table 3 and Table 4. 
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Table 3, Emission load of each type vehicle based on Environmental Agency data 
Data Resource year 
MC 
Pass.car  
(fuel) 
LV 
 (diesel) 
truck bus public transport Total 
(vehicle/ton.km/year) 
Environment 
Agency 
2010 29095.63 9241.81 431.28 1071.71 35.36 530.90 40406.69 
2011 23491.08 9160.16 427.47 1036.50 35.17 226.11 34376.50 
2012 24489.28 9438.06 440.44 1040.08 36.61 125.99 35570.46 
2013 25487.48 9715.95 453.41 1043.65 39.48 0.00 36739.98 
2014 26485.68 9993.85 466.38 1047.23 39.48 0.00 38032.62 
2015 27483.88 10271.75 479.35 1050.81 40.92 0.00 39326.70 
 
Table 4, Emission load of each type vehicle based on Department of Transportation data 
 
Data Resource year 
MC 
Pass.car 
(fuel) 
LV 
(diesel) 
truck bus 
public 
transport 
Total 
(vehicle/ton.km/year) 
Dishub Sby 
2010 61.04 18.31 0.85 2.47 0.10 0.22 83.01 
2011 73.61 21.41 1.00 2.91 0.13 0.09 99.15 
2012 86.17 24.52 1.14 3.34 0.15 0.00 115.33 
2013 98.74 27.63 1.29 3.78 0.20 0.00 131.62 
2014 111.30 30.73 1.43 4.21 0.20 0.00 147.87 
2015 123.86 33.84 1.58 4.65 0.22 0.00 164.15 
 
 
Fig.3 Emission vehicles per year 
 
The second source of the Maximum value of data used is on Fig.3, then the calculated load CO emissions in 
accordance fuel used for each vehicle. The figure above shows that the increase of emissions is in line with the 
increase of the number of vehicles, Motorcycle has the highest emission level as in the analysis of these reviews 
emissions using volume veh/year. The effect of vehicle speed to the CO production is based on the speed level 
during Degree of Saturation. Vehicle speed variation is assumed to see the value of Level of Services. To simplify 
the analysis, the same degree of saturation is assumed occur on the length of the road available. Therefore the load 
emission based on the speed of vehicle is shown in Fig.4 
Speed is simulating 20, 40, 60, km/hour based Morlok, 1991, the speed of the vehicle is contained in Level of 
Services E, C and A with the value Degree of Saturation in a row are 1, 0.8 and 0.6, the proportion of vehicles 
source of IHCM 1997 is MC 24%, 7% HV and LV 69%, so we get the value of the traffic volume in smp/hour. On 
the data generated LOS E has the highest CO values, it is proved that the speed has a relationship to the level of 
emissions, can be concluded from the graph that the lower the speed, the higher the emissions released. Plan to 
reducing gas house in the form of ITS (Intelligent Transport System). The expected targets of emission reduction 
from this plan is 0.79 Million Ton referring to the Presidential Decree No. 61 of  2011 for the city of Surabaya in the 
time period 2010-2020, compared to the fact emission  is shown in table 5 
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Fig.4 CO emissions by Speed Traffic 
 
Table 5, load of  reduced emission in Surabaya 
year 
Emission 
(ton.km/year) 
Emission 
(mill.ton.km/
year) 
         
 
 
Year 
 
 
Emission 
Defference 
(ton.km/year) 
Emission 
Defference 
(mill.ton.km/y
ear) 
Plan 
target 
reduce 
(mill.ton/y
ear) 
Residual Emission 
Targets 
(mill.ton/year) 
2010-2011 15967.90 0.0160 0.079 0.0630 
2010 83314.15 0.08  2011-2012 16172.56 0.0162 0.079 0.0469 
2011 99282.05 0.10 2012-2013 16169.40 0.0162 0.079 0.0307 
2012 115454.62 0.12 2014-2015 16272.68 0.0163 0.079 0.0144 
2013 131624.02 0.13 
  
2014 147873.99 0.15 
Residual Emission 
Targets 
2015 164146.68 0.16  
 
The results, shown in Table 5 indicate that the emission load seems to be not going to decrease and do not hit the 
targets. Targets set annually for the city of Surabaya, 0.079 million tons / year only reached 0.0646 million ton/year, 
it is seen from the rest of the existing emissions in the amount of 0.014 million ton/year. Referring to the President 
Decree related to the National Movement of reducing the green house gas effect, the targets of reducing by 26% per 
year is not Achieved yet. 
 
5. Conclusions 
 
Vehicle speed against the emission of CO gas that is released is generally the faster the vehicle speed, the CO 
gas emitted will be even greater. Load emissions obtained from the number of vehicles concludes that the gasoline 
vehicles will generally be higher CO emissions than diesel vehicles. Recent vehicle production year does not 
guarantee whether the resulting emissions would be preferable, depending on the use and regular maintenance. 
Results in the field do not meet the target set by the government so that there is a need for a review of the efforts to 
reduce emissions of the transport sector. 
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